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Article 12

Chance ... The Creator of Life?
By Jean Swyngedaw.

Former professor of biophysics, University of Lille.

For many biologists, the appearance oflife and its development on Earth result
from an intrinsic property of matter - its natural tendency towards selfassociation. Combinations of atoms form molecules, which associate in
aggregates. In this way, as a result of chance encounters over the immeasurable
period of time which has passed since the formation of the Earth, a fortuitous
arrangement of molecules at one point on the Earth is supposed to have been
sufficient to set life into motion. Life would then have developed according to a
mechanism proposed by Darwin, the essentials of which can be summarized as
follows:
I) In the course of generations, animal species undergo successive, fortuitous,
hereditary modifications which alter their morphology.
2) Natural selection favors some lines, by virtue of their more efficient proliferation
or improved adaptation to the conditions of the ambient environment.
3) A third element may be added: diversification or indeed homogenization of
population isolates, introduced by sexuality.

All Darwinists have more or less adopted this hypothesis, which is certainly
valid in the conditions of their protagonist's observations. However, with him,
they commit the more or less conscious error of generalizing this principle and
extrapolating it to the whole of evolution, including the appearance of life on
Earth.
Whatever the successes, failures or contradictions of the Darwinian
hypothesis, this extrapolation of the process of "chance - natural selection" to
the prebiotic era represents an attack on an insurmountable obstacle.
The primitive EartI:t, devoid of all life, effectively represents a matter-energy
system of a purely physical nature, subject to the strict laws of thermodynamics.
All matter of interest to the biologist was, at that time, in gaseous or dissolved
form. It consisted, on the whole, of water, ammonia and methane molecules,
which contained the essential building blocks oflife: carbon, hydrogen, oxygen
and nitrogen. Energy, in whatever form, is of cosmic, solar or telluric origin.
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The second law of thermodynamics, as expressed by Boltzmann, states that a
molecular system - such as the primitive Earth, which had no "machines" must move towards the state of highest probability, that is towards chaos. This
inevitable progress is expressed by saying that the entropy of the system - the
disorder which reigns within it - can only increase, unless an "organizing
principle" intervenes, generating order and bringing a flux of information to the
system.
Without information, chaos would have been perpetuated indefinitely.
Life, which developed from primitive chaos, thus represents a masterpiece of
order and organization. Life must have resulted from aflux ofinformation which
"inspired the invention" of the astounding, ingenious mechanisms which science
has uncovered daily throughout the ages.
Biochemists have shown experimentally that syntheses of biotic molecules
certainly took place in the primitive oceans and atmosphere. In uprooting the
electrons of atoms, the energies of ionizing radiations effectively invest them with
a specific energy which gives them intense reactivity. As a result, numerous
organic molecules appeared in the atmosphere and oceans of the earliest ages of
the Earth.
The primitive environment decreased in entropy to a certain degree, evidently
linked to the physical structure of atoms - what might be called their "intrinsic
information," whose effects extend into molecules, macromolecules and
aggregates.
However, these syntheses, which took place in a state of complete anarchy,
could form only a heterogeneous mixture, in which a certain disseminated order
reigned, but from which all organizaton was excluded. It is utopian to imagine
that biotic molecules, dispersed among many others, might have been capable of
organizing themselves spontaneously into a living thing, however primitive, and
however numerous the attempts made in the immense oceans. The second law,
mentioned above, is radically opposed to this concept: an external source of
information must have intervened.
Programs for the building oflife have been proposed, which describe the first
biochemical stages - among the innumerable other stages which necessarily
separate primitive matter from the first living thing. However, it is impossible for
these programs to have realized themselves spontaneously. Their successive
execution represents a vast series of improbabilities which link together and
multiply each other, as will be shown below.
Chance as a Factor
To consider that chance could have given rise to the functional complexity of
life, as many biologists do, is equivalent to the aberrant assertion that it is possible
to win consecutively a hundred, or even a thousand times at roulette. This agrees
with the second law: chance is incapable of introducing any sort of order in a
succession of events which are independent of each other. An organized system
must carry information, which may be intrinsic, as in a rigged roulette wheel.
One should not misjudge this esoteric appearance of the second law. In reality,
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there is nothing mysterious about it, and some of its consequences are just plain
common sense.
All mothers know that ordinary household life involves disorder, and that
without a constant struggle to maintain cleanliness and tidiness which occupies a
good part of their time, anarchy and filth would quickly take over the house. The
information generated by the mistress of the house opposes the increase in
entropy of the system.
Similarly, people are perfectly aware, from their own experience, that chance
is not in the habit of producing order. Houses and monuments, even the finest
palaces - built with genius, hard work and the most carefully chosen materials
- degenerate in time, when abandoned to the blind forces of nature and to
intemperate weather. They all eventually disintegrate into the ruins which
express the fragility of human endeavour. Even the greatest mountains become
pulverized, with time, by the elements unleashed by blind forces born of solar
energy.
However, the works of living things oppose themselves to this general
tendency of matter-energy towards disintegration. On the contrary, they impose
an idea of order and organization. To quote Andre LwofI:
"Biological phenomena distinguish themselves, compared to physical
phenomena by a remarkable order in their spatial structure and their temporal
evolution. To the point where one can make of this tendency to order, its
maintenance and generation, the characteristic property which defines "life" and
distinguishes a "living thing" from "artifacts" and inanimate objects."
The prebiotic period, which started with the condensation of the oceans and
then spread itself over more than three thousand million years, culminated in the
most prodigious imaginable mechanism. This mechanism assures the growth of
all organisms of both Kingdoms, as bred by evolution, and is the mechanism by
which a cell divides itself into two and transmits its complete genetic inheritance
to the two daughter cells. The mechanism consists of two complementary,
in dissociable phases: DNA and Mitosis, which are themselves complemented by
Sexuality.
DNA, which is distributed in the chromosomes, assures the complete program
of embryogenesis and the integrity of the species characteristics at the same time.
Its double helical structure and mode of reproduction by replication are too well
known to dwell on here. It should simply be noted that the program of
development of all embryos is "written" along the double helix by means of a sort
of alphabet of four letters: A,T,G,C (four nucleotides: Adeneine, Thymine,
Guanine, Cytosine). The words, or codons, are made up of three letters, each of
whose various combinations designates one of the twenty amino-acids found in
living things. The succession of codons along the DNA determines the sequence
of amino-acids, which is specific for any of the immense variety of proteins.
The indispensable mitotic motor, artisan of cellular division, often seems to be
overlooked, probably because it does not exist in bacteria. We have a far from
intimate acquaintance with the connections which regulate the extraordinary
ballet of karyokinesis. It is known only that the succession of well-known figures
revealed by the microscope arises because forces develop which are linked to a
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whole series of structural modifications of protoplasmic proteins, translated as
modifications of their optical properties. The cycle results, in tens of minutes, in
the remarkably precise regrouping of two groups of chromosomes, following the
duplication of some million million nucleotides in Man, and culminating in the
reconstitution of two nuclei identical to that of the mother cell.

Disorder or Organization?
It would be naive to imagine that such a complex mechanism could have built
itself up spontaneously from the matter-energy system of the primitive Earth,
without the intervention of organizing information. Chance is an agent of
disorder: it is incapable of inducing any organization, even in three thousand
million years.
However, the inescapable appeal to an organizing principle raises a thorny
philosophical problem: Information does not belong in the domain of matterenergy. It is an intangible element of nature, of the order of a "directing idea" in
Claude Bernard's sense, an entity belonging to a domain which many biologists
consider chimeric, and therefore deny as a causal element a priori and in the
name of science.
For many biologists, the second law is inapplicable to living systems because
they are open systems, that is to say systems in states of constant exchange with
the environment. This would greatly complicate the calculation of the entropy,
but it does not eliminate the exigencies ofthe second law. One cannot, on the one
hand, affirm that life is purely a result of the physical properties of matter, while
on the other hand exempting this same domain from one of the fundamental
principles of physics. A microbial culture is a clear example of the constructive
power, the "negative entropy" of life. More of this below.
"Why complicate problems?" many objectors ask. Does not matter have a
natural tendency towards self-association, as recognized by Teilhard de Chardin,
as well as Franc;ois Jacob and Hubert Reeves? Of course it does. But it does so
while organizing itself - something which chance is incapable of doing, and
which requires a flux of information.
It should be noted that the chemical properties of matter derive directly and
exclusively from the electro-chemical constitution of atoms. There is nothing
which permits us to consider life to be a property of matter, which some eminent
authors seem to accept somewhat easily. Who considers the compositon of a
poem to be a function of the letters which make it up? It is in the arrangement of
atoms or molecules, as of letters, that the secret lies.
A more serious objection is that there are certain physico-chemical
phenomena in which a waste of energy is accompanied by a certain decrease of
entropy in circumscribed zones. Examples lie in the emission of laser rays or,
more simply, in the development of whirlpools in a rushing mountain stream,
which correspond to a degree of localized organization. Hence the idea that the
organization of life might be one of these zones which appear to escape
B.oltzmann's second law. However, in these situtions, the decrease in entropy
which occurs is compensated, indeed over-compensated, for by the outbreak of
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entropy which gives rise to it. So, on the whole, the second law is safe.
These phenomena, described by Prigogine by the term "dissipative structures"
appear to be total strangers to the development of life. When a bacillus absorbs
molecules of glucides and amino-acids which were previously dispersed in the
culture broth, it orders them in the synthesis of its own substance to make two
bacilli, using information rigorously defined by its DNA. All this conforms to the
laws of themodynamics and cybernetics.
The decrease in entropy brought about in this way cannot be considered the
accessory result of a waste of a higher form of energy, with its obligatory overflow
of entropy, as is the case for dissipative structures. While both phenomena
certainly involve the release of heat, and thus an increase in entropy, bacterial
biochemists state that microbial development operates in the strictest economy,
with very high energy yields; the exact opposite of dissipative structures.
A last mention goes to the initiative of H. Atlan, who envisions a very
mysterious source of information in the complexity of the apparatus of
transmission of the genetic inheritance from one generation to the next. He names
this information source "information-complexity-autonomy." However, this
creates more questions than it resolves, and is in formal opposition to a
fundamental theorem of cybernetics which states the obvious truth that the
meaning of a telegram is neither clarified nor enriched by the multiplicity of
intermediaries, which are sources of disinformation, not of new information.
All things considered, Prigogine, like Atlan, proposes highly disputable
sources of information, which are non-specific, except for fluid mechanics - in
which their origin lies - and thus have no explanation for the variety, luxuriance
and harmony of the evolutionary development of life.
There is absolutely no possibility of challenging the second law in the budding
and development of the phenomena of life. One must simply accept that life
could not have appeared and developed without the indispensable assistance of a
permanent source of information, not belonging to the matter-energy domain.
Chance

Debunked

One can go even farther in excluding chance as prophet of evolution. All
biologists now accept that the initial steps towards the species of both Kingdoms
must, from the beginning, have made use of the replication properties of
polynucleotide chains, which A. L. Kornberg was able to reproduce in vitro in
1957. In effect, they are precursors of the double helical DNA structure found in
all living organisms of both Kingdoms.
Vital function, which is to say proliferation, of bacteria - the most modest of
known organisms - requires more than 4 million nucleotides in their DNA,
whose replication ensures the permanence of their genetic inheritance, the
"identity card" which they acquired one to two thousand million years ago.
The structure of bacterial DNA is already startlingly complex. It must have
been preceded by a multitude of more elementary forms, analogous to viruses, or
simpler still. Suppose that the first sequence which might be considered as
forming part of the pathway towards life contained not thousands, but only a hundred
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nucleotides, clearly in a rigorously defined arrangement. The probability that this
arrangement might have arisen solely by the fantasies of chance comes from an
elementary calculation: Suppose one were to reconstitute the model by
successive blind draws from among the four standard nucleotides. The
probability of getting the first term is 1/4, or 0.25. For the first two, it is (0.25)2.
For the entire sequence of nucleotides, the probability is (0.25)100, or around
10-60 , or one chance in the vast number represented by 1 followed by sixty
noughts, which is an absolute impossibility, and this for a ridiculously short
sequence. This is an explicit example of the second law, which negates any
possibility of spontaneous organization of a matter-energy system. (Maybe the
alphabet had only 2 or 3 nucleotides initially - the result remains the same.)
Whatever the infinite number of "attempts" by chance in the immensity of the
atmosphere and the oceans, each of them was subject to the impossibility of
winning a lottery one thousand consecutive times.
Primarily, the life of a being as elementary as a bacterium includes not one
hundred, but over four million nucleotides, a number which should be the
exponent in a calculation of the probability of its appearing "ex nihilo."
Secondly, we have only envisaged the DNA part ofthe DNA-Mitosis system,
since there is no chromosome separation nor mitosis in bacteria. As far as can be
judged, the putting together of the mitotic motor by chance is also radically
impossible.
It thus becomes absolutely clear that a permanent source of information must
have "inspired" the preliminary phase, as well as the whole of evolution itself. In
effect, the progressive transformation of one species to another (usually better
perfected, that is to say more independent of the environment) was accompanied
by rearrangements of the DNA and by the introduction of sequences of many
tens of thousands or even millions of additional nucleotides when new functions
or organs - of which the eye is the most obvious example - appeared.
It is unthinkable that these new sequences could have arisen, as many of the
most eminent biologists maintain, by chance mutation from radiation damage or
by copying errors, or that, again by chance, they would have become meaningful
in the creation of the phenotype.
In addition, these mutagenic accidents proceed by point impacts spread
throughout the DNA molecule; they are incapable of introducing the very long
sequences which are indispensable to the heritable creations which have
appeared iIi the phenotype in the course of time.

Transmission of Life
Life as a whole can be considered to be the result of the dynamic transmission
of the genetic inheritance, using DNA replication during cell division; in the
course of embryogenesis, the growth of organisms, and above all in passing from
one generation to the next, which is accompanied by an exuberant diversification
arising from sexuality.
The transmission oflife over at least two thousand millon years in the coliform
bacillus species is a good illustration of the quasi-mechanical automatism of this
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process. The transmission is supported by the replication of the same DNA
molecule, repeated innumerable times in this species, which is said to be
panchronic, that is to say its evolution stopped over a thousand million years ago,
despite mutations, which never went beyond the outer limits of the species.
However, in the sequence of evolution of species whose fossils nature has
preserved for us, and which have therefore evolved over the last 700 million
years, life has been transmitted in a very strange manner, with spontaneous
enrichment of the transmitted inheritance. Information supplements have been
introduced in leaps and bounds, in the form of DNA sequences. But one of the
fundamental principles of cybernetics states that the amount of energy
transmitted across a system can only decrease. So the constant increase of
memorized information in parallel with the progress of evolution, in the form of a
lengthening of the DNA molecule implies, with new evidence, that this is not a
purely material system. It is, instead, an informed system, and thus again a
permanent source of information must, step by step, have given rise to it.
Yet again, the conclusion is reached that the origin oflife on the raw primitive
Earth, the extended development, with no possibility of selection, of the DNAmitosis system, and thanks to it, the flourishing of the species of both Kingdoms
up to Man - must have been directed by a permanent source ofinformation. An
obvious witness to this is the constant and considerable lengthening of the DNA,
from 4 million nucleotides for a simple organism analogous to the coliform
bacillus, to more than a million million in Man.
Certainly, natural selection has an important part to play in the evolutionary
process. A multitude of well-known examples make its role clear in the
adaptation of species to the environment and in the constitution of races and
varieties, as Darwin himself demonstrated. However, it has never been
experimentally possible to create the organs or new functions which mark the
development of zoological brapches and classes, even with the most varied
selection of mutagens and methods of selection.

Information and The Director
Consider the experience of the information engendered by Man within his
creations. Whether they be artistic, scientific, or technical, these creations are
attributable to Man's mind, considered by some to be a simple functional product
of the brain. But the brain is a work of nature. This is a vicious circle as awkward
as that of creative genius, which we are asked to recognize as having operated in
nature, in the course of evolution, with no technical or material support
analogous to a brain but simply reigning within everything that lives, and
directing it.
This ubiquitous, permanent "Director", specific to life, appears to be the
source of the flux of information which led the organization of primitive matter to
the building of the human brain, mirror of consciousness and instrument of the
activities of mind and body, which, like some sort of computer, is capable of
handling the most diverse problems.
One can try to go farther in calculating the operational characteristics of
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the "Director". In his reflection on the limits of knowledge, Jean Hamburger
came to consider the mechanism of the regulation of osmotic pressure as an
example. He wrote: "the birth of a new species, the appearance of a biological
mechanism, the invention of a kidney, whose finesse and intricacies leave us
stunned - in short, the creation of the living world - suggest the existence,
within living matter, of armed mechanisms for the creation of new structures." A
given mechanism will be appropriate to a well-defined and particular function;
the regulation of osmotic pressure is an example. A particular mechanism is not
capable of adapting itself to carry out functions as disparate as the creation of
sense organs and the regulation of the multiple parameters which make up
homeostasis. This last is done using a multitude of amazingly ingenious
procedures, each adapted to the nature of its particular function: concentration in
the blood of various ions, oxygen, carbon dioxide, glucose, each of the hormones,
their interdependence ruled by the hypothalamic-hypophyseal regulatory centre,
etc.
One cannot conceive that these functions could have been developed without
an informed and informing organizing agent - an agent informed of the
properties of matter and the problems they pose, such as the rigorous regulation
of osmotic pressure or the pH of blood, primordial parameters in the economy of
higher species, which can only have been resolved very gradually during the
course of Evolution. The mode of information of nature or its Director is clearly
quite different from our own knowledge, whose formal expression is linked to the
structure of our brain. But has the progress of knowledge not often been preceded
and oriented by intuition, that ability of the mind to forsee more than it
understands? In the same way, nature, from its evolutionary works, seems to have
foreknowledge of things which it "knows" without understanding them, but
whose "ways" it foresees. These are called the properties and laws of Nature, and
ease its passage toward its goals.
As far as the information imprinted on matter by the Director, in the course of
evolution, is concerned, DNA is the masterpiece. On the one hand, it orders the
diverse arrangements of nucleotides in its "dialect", thus producing materials
with highly varied physical and chemical properties; on the other hand, it
regulates the method of building the embryo and the anatomical arrangement of
the phenotype.
Consider the period of evolution when no animal was yet endowed with
vision. The program for building the eye was neither magically written into the
DNA by a random, infinite series of trials and errors - which could not have
been exhaustive - nor by a specific property of light on the blind beings of the
epoch. In fact, there is no immediate correlation between the action oflight rays
and the construction of the complex physical apparatus represented by the eye:
the production from the embryonic ectoderm of transparent media of different
refracti ve indices, separated by surfaces of well-defined curvature, of which some
are variable to assure accomodation; the composition of a rigid container, the
sclera; using appropriate materials, creation of various photosensitive molecules
in the rods and cones; making up a network of nerve connections which link the
sensitive cells to the centres for processing visual information - to keep to a
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strict minimum.
Yet the eye, in its complexity, is relatively simple compared to the mass of
innumerable chemical species which interact specifically, distributed among
molecular states, in the blood, in interstitial fluid, and within the cells and tissues.
Only two sources of creation are known in the sentient world, Nature and
Man. Only they, are capable of informing matter: Nature, in secret, from within;
Man, piece by piece, from without. Neither one nor the other can create without
bringing information into play - whose nature is intangible in the domain of
what is called the mind, a Director, the source of all living things.

Conclusion
Life could not have appeared on Earth, and developed thereafter, through the
simple actions of chance, which would be a formal contradiction ofthe second
law of thermodynamics, which is universally valid.
A permanent source of information must have directed evolution from the
primitive matter of the early Earth to the building of the human brain.
The directing agent does not belong in the domain of matter-energy which it
directs. It is necessarily ubiquitous and timeless. It reigns within all that lives. It is
intangible, a "directing idea", to use Claude Bernard's expression - that is, of the
same nature as the mind.
The "Director" would seem to be informed and informing at the same time:
informed of the properties of matter, and informing matter throughout evolution
using DNA as an intermediary operator.
Of course, some will find these conclusions difficult to accept. Perhaps it is
preferable, at the price of astounding intellectual indulgence, to attribute the
amazing interventions of Nature to chance, the "Prince of Chaos"? This would at
least offer the advantage of being philosophically neutral and therefore less
disturbing.

- Translated by Anna M. Smith
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